ABSTRACT. The effects of cell contacts and the attachment of cells to the substratum on growth-factor-induced survival of 3T3-L1 cells were investigated to clarify their involvement in the maintenance of cell viability. When 3T3-L1 cells in low-density cultures or in high-density cultures were harvested with EDTA solution and cultured in the absence of calf serum, almost all cells from the low-density cultures lost viability 24 h later. However, about 15% of the cells harvested from high-density cultures survived for 24 h in the absence of calf serum. Addition of calf serum also enhanced the survival of cells from high-density cultures to a much greater extent than that of cells from low-density cultures. Addition of fibroblast growth factor enhanced the survival of cells, especially in the case of cells from high-density cultures. However, epidermal growth factor and platelet-dervied growth factor failed to enhance survival. Coating of culture dishes with vitronectin slightly enhanced cell survival. Addition of fibroblast growth factor markedly enhanced the survival of cells on the dishes coated with vitronectin or with fibronectin, but not on the dishes coated with heat-denatured bovine serum albumin. These results suggest that fibroblast growth factor promotes survival of 3T3-L1 cells, depending on cellto-cell contacts during prior culture and on the adhesion of cells to the substratum.
ABSTRACT. The effects of cell contacts and the attachment of cells to the substratum on growth-factor-induced survival of 3T3-L1 cells were investigated to clarify their involvement in the maintenance of cell viability. When 3T3-L1 cells in low-density cultures or in high-density cultures were harvested with EDTA solution and cultured in the absence of calf serum, almost all cells from the low-density cultures lost viability 24 h later. However, about 15% of the cells harvested from high-density cultures survived for 24 h in the absence of calf serum. Addition of calf serum also enhanced the survival of cells from high-density cultures to a much greater extent than that of cells from low-density cultures. Addition of fibroblast growth factor enhanced the survival of cells, especially in the case of cells from high-density cultures. However, epidermal growth factor and platelet-dervied growth factor failed to enhance survival. Coating of culture dishes with vitronectin slightly enhanced cell survival. Addition of fibroblast growth factor markedly enhanced the survival of cells on the dishes coated with vitronectin or with fibronectin, but not on the dishes coated with heat-denatured bovine serum albumin. These results suggest that fibroblast growth factor promotes survival of 3T3-L1 cells, depending on cellto-cell contacts during prior culture and on the adhesion of cells to the substratum.
Cultured cells require certain components of serum for their survival (6, 7, 13, 14) , for example, survival of BSC-1 cells is promoted by the addition of calf serum (23) . Active components in the serum seem to be epidermal and fibroblast growth factors. Survival of nerve cells is also promoted by nerve growth factor and spreading factors (4, 16) . It is likely that each type of growth factor exerts its own particular promotive effects on the survival of cells, depending on the type of cell involved. However, it still remains to be determined whether fibroblast growth factor preferentially promotes survival of fibroblastic cells. (10, 24, 28) . Attachment of cells to the substratum is required for the proliferation of cells that is induced by growth factor(s). Moreover, proliferation and differentiation are modulated by the nature of the substratum (5, 21, 26) . Fibronectin improves resistance of cells to injury (25) and enhances proliferation of cultured cells (20, 22) . Type IV collagen enhances the survival of BSC-1 cells in the absence of calf serum (23) . Attachment of cells to the substratum may also be necessary for the promotion of cell survival by growth factors.
Interaction between cells also modulates the actions of growth factors. Some types of fibroblastic cell are known to convert to adipocytes when intercellular contacts are made (8, 9) . The contact-mediated modulation of cell function is also observed in various other types of cell, for example, the stimulation of secretion of fibronectin (2, 11) and modulation of the organization of the cytoskeleton (27) . Changes in cell function induced by intercellular contacts may modulate the ability of the cells to survive in the absence of calf serum.
In this study, the effects of various growth factors on the survival of fibroblastic cells were investigated to clarify the effects of the growth factors and the modulation of such effects by cell-to-substratum and cell-to-cell interactions. Determination of colony formation. About 100 cells were allowed to generate colonies by addition of medium supplemented with 10% calf serum after a 6-h incubation in DME medium alone or with either calf serum, epidermal growth factor or fibroblast growth factor. The cells were fixed and stained with Wright's solution after 1 week in culture.
MATERIALS AND METHODS

Cells
Fractionation of calf serum. The medium supplemented with 0.1% calf serum was separated into two fractions, with components of molecular weights higher or lower than 100 kDa, by passage through an ultrafiltration membrane (Molcut SJHK; Nihon Millipore Kogyo, Yonezawa, Japan). Each filtrate was adjusted to the original volume.
RESULTS
When 3T3-L1 cells with cell densities of 1.0 x 104/cm2 or 3.5 x 104/cm2 were harvested with EDTA solution and cultured for 24 h in standard culture dishes in the absence or presence of calf serum, the cells grown at both densities exhibited typical, spreading, fibroblastic shapes in the presence of calf serum (Fig. 1a and c) . However, a few cells, exclusively from the high-density cultures, exhibited the spreading fibroblastic shape in the absence of calf serum, while almost all cells from the low-density cultures were completely disrupted under these conditions ( Fig. 1b  and d ).
The cells harvested from low-density cultures began to lose viability after a 3-h incubation in the absence of calf serum and almost all cells lost their viability after 24 h (Fig. 2) . Cells harvested with low-temperature trypsinization (15) lost viability in the same way as those of cells harvested with EDTA solution. Addition of 1 mg/ml bovine crystallized albumin did not promote the survival of cells, but addition of 10% calf serum promoted cell survival. regardless of prior densities of cells. The active fraction from calf serum was identified in the case of cells harvested after culture at two different densities. The fraction containing components with molecular weights greater than 100 kDa from medium plus 0.1% calf serum slightly enhanced survival of the cells obtained from low-density cultures and markedly enhanced survival of the cells obtained from high-density cultures ( Table 1) . The fraction containing components with molecular weights of less than 100 kDa did not enhance survival of the cells obtained from low-density cultures, but slightly enhanced the survival of the cells obtained from high-density cultures. However, addition of 1 mg/ml bovine crystallized albumin also enhanced survival of the cells ob- Addition of FGF promoted the survival of cells, depending on its concentration (Fig. 4) . Promotion of the survival of cells from high-density cultures was more marked than that from low-density cultures. However, addition of EGF did not promote survival of the cells, regardless of prior densities of cells (Fig. 4) . Addition of transforming growth factor beta also slightly promoted the survival of the cells from low-and high-density cultures (Fig. 5) . Addition of platelet-derived growth factor did not enhance the survival of the cells from either low-or high-density cultures. The survival of the cells was checked using the colorimetric assay with MTT. The results obtained were similar to those obtained by visual inspection. The cells in- cubated for 24 h in 1.0% calf serum retained 95.7% of their initial viability, although viability of the cells in the absence of calf serum decreased to 17.5% (Table 3) . Coating of the dishes with heat-denatured bovine serum albumin inhibited cell attachment and decreased the survival of cells even in the presence of 1% calf serum.
The effects of spreading factors on cell survival are summarized in One relevant factor in the serum must be a fibroblast growth factor, since fibroblast growth factor markedly promoted the survival of 3T3-L1 cells. Epidermal growth factor and platelet-derived growth factor did not exert any promotive effect on cell Attachment of cells to the substratum is required for the promotive action of fibroblast growth factor and calf serum, since the promotive effects of fibroblast growth factor and calf serum were not observed in the case of cells that did not adhere to the dishes coated with heat-denatured bovine serum albumin. Coating of the dishes with polylysine also increases survival of cultured cells in to presence of fibroblast growth factor (25) . Moreover, vitronectin and fibronectin potentiated the promotive effect of fibroblast growth factor on the survival of 3T3-L1 cells, in a manner related to their abilities to cause spreading of cells. Similar potentiation by vitronectin and fibronectin has been observed in the case of the survival of BSC-1 cells in the presence of epidermal growth factor (unpublished observation). Growth factors and spreading factors promote the survival of cells in a synergistic manner.
The survival of 3T3-L1 cells in the presence of calf serum was promoted by prior growth in high-density cultures. This result is confirmed by the observation of the increased ability of cells from high-density cultures to form colonies. This effect may be related to the modulation of cell function by intercellular contacts, but not to the increased sensitivity of the cells to fibroblast growth factor, since the net effect of fibroblast growth factor on survival was not increased in cultures of cells previously grown at high density. Cell-to-cell contacts may potentiate the ability of cells to survive in the absence of calf serum, since the number of surviving cells from highdensity cultures was greater in the absence of the seum than that of cells from lowdensity cultures. This possibility is strengthened by the observation that addition of albumin alone promoted survival of cells only from high-density cultures. The modulation of cell function induced by intercellular contacts has already been observed in cultured cells (1, 12, 19) . Since secretion of fibronectin is stimulated by cell-to-cell contacts (2, 11) , secreted fibronectin may be responsible for the promotion of survival by prior growth in high-density cultures through a aynergistic interaction with fibroblast growth factor.
Fibroblast growth factor and spreading factor prevented the loss of cell viability that progressed rapidly in the absence of the serum. Non-viable cells were completely disrupted and failed to sustain their integrity. These observations suggest that entry of water into the cells or a disturbance of the ionic balance between the inside and outside of the cells may lead to disruption of cellular integrity. Survival of cells is influenced by the harvesting procedures (15) and the possibility of some damage to cells during harvesting cannot be ignored. Fibroblast growth factor may potentiate the ability of the cells to survive in the absence of the serum when cells are attached to an appropriate substratum, and/or it may also be involved in the repair of any damage to cells harvested with EDTA. However, further studies are required to clarify the mechanism of action of this factor.
